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where D_ is the artificial dissipation at location i. where T is temperature, parameters _(2) and _ (4) are same as in the JST model.
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Test Problems
We consider three test problems to evaluate various dissipation models in the basic schemes.
The f_st two problems were previously used to evaluate various algorithms in the ICASE/LaRC Workshop on Benchmark Problems in Computational Aeroacoutica 20. In addition we consider Lax's shock tube problem.
Test Problem 1
In this problem a initial pulse steepens with time. Initial conditions are given as:
The computational domain is -50 < x < 350.
Test Problem 2
This is similar to a standard shock tube problem.
There is a very sharp gradient instead of a discontinuity in the initial condition. Initial conditions are
The computational domain is -100 < x < 100. Figure 3 . The DRP scheme which we consider in our tests is formally 4th order accurate in space and uses a seven point stencil.
The standard 4th order central difference scheme uses a five point stencil and the standard 6th order central difference scheme uses a seven point stencil. We observe that the DRP scheme performs better than the standard 4th order scheme.
However, the differences between the DRP scheme and the standard 6th order central difference scheme for our present computations appear to be very small. These results show the same trend as in wave equation computations presented by Tam 17. The artificial dissipation may have reduced the differences among the schemes. We also observe that with the change of the stencil Reynolds number (R,), both the solution profile and the shock location change slightly.
Next we evaluate the dissipation models for computation of the test problem 1 with the fourth order MacCormack scheme. We used the CFL number equal to -_ for all computations in this paper using the fourth order MacCormack scheme. Density profile computed using this scheme without any added artificial dissipation is shown in Figure 4 . We also show the computed profile using the DRP scheme augmented with the Tam dissipation model Other models also performed reasonably well. The Tam dissipation model appears to be slightly better in eliminating preshock oscillations, but also seems to smear the shock profile more than other models.
Our second test problem has a very sharp gradient in the initial condition.
In Figure 6 , we show the initial and computed profiles of this test problem at time equal to 50. Computed solutions were obtained using the DRP and the standard 6th order centraldifference schemes. In thisplottingscale, differences between the DRP and the 6th order cen- Next we examine the dissipation models in the MacCormack scheme for computation of the test problem 2 at time equal to 50. In Figure 9 , we show the density profile computed using the MacCormack scheme without dissipation and compare it with the solution using the DRP scheme with the Tam dissipation model (Ro : 0.1). The MacCormack scheme without dissipation generates oscillations near the shock. We examined the effect of various dissipation models on the MacCormack scheme in Figure 10 . The shock profile is slightly sharper with the matrix dissipation model than other models.
As in the
case with the test problem 1, preshock oscillations were slightly less with the Tam dissipation model, but the shock profile was slightly more smeared.
We examine the profile near the contact discontinuity in Figure 11 . This choice was made only to ensure sufficient attitidal dissipation for the test cases without any optimization of the values of _. As shown in Figure   12 , major differences in computed solutions are limited to regions around the discontinuities. We focus on this region for computations with the DRP and MacCormack schemes in next two figures. In Figure 13 we compare computed density profiles using the DRP scheme with the exact solution. 
